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The to x IClty Ofe xlr a･ ･ c elula rpolyamin e sin the presen c e of bovine
s eru m amine o xidasein the culture m edium w a sdoc um e nted in three c ell
lin es
,
F M 3 A(of m ouse m am m ary c ar cin om a origin), L 1210(of m o u se
le uke mia origin) and NⅠH-3T 3(of rat fibr obla stic origin) by a c ell
pr olifTe ratio n study. The polyamin es, sper min e or spe rmidin edidnothinde r
the c ellpr olife r atio n rates ifa minogu a nidin e (inhibits s er u m a min e
oxidas e)w a salso prese ntin the c ulture m ediu m . Thisimplicated that the
polyamin e o xidation produ ct/products ratherthan the polyamin espe r s e,
w ere the lethal fa cto rsthat e x e cuted out the inhibitory effect o n cell
pr oliferatio n. Serum amine oxidase s a re know nto o xidatively de amin ate
polyamin es into their mono- and di- aldehyde derivativ es; hydrogen
pe r o xide a nd am monia a r e also ge n erated in this r eactio n proc ess. T he
aldehydic polya mine products are highly u nstable atphysiologicalpH and
37oC and m ay u nde rgo a spo nta n eous, n o n- en zyme, beta - eli mination
r eactio n, gl V lng rige to the alpha,beta- u ns atu rated aldehyde produ ct,
a c r olein, thatis e xtre m elyelectrophilic.
In 血is study the individu al to xIClty Of sper min e, spe r midin e,
hydr ogen pe r oxide a nd several othe r aldehydes w er e a sse ed in bio-
culture s a nd w er e c o mparedto a c roleininducedto xicityin the s am e. The
c ellpr oliferatio ninhibitingl nte nSities ofspermine a nd acr olein w ere very
close and co n siderably highe rthan tho se ofthe other products te sted,
e x cept 3- a min opr oplO nalde血yde 也at also can glV edse to ac rolein by an
eli min atio nreactio n. In factv e ry high con c entr ation of hydrogen pe roxide
to xicityc o uld be effe ctivelyc o ntrolled bythe minim aladdition ofcatalas el.
Onthe ･otherhand, sper min einduc edtoxicitycould be effe ctiv elyr e v e rsed
by aldehyde dehydr ogen asebutn otby catala s e. Co n sideringthein stability
ofthe polyamine- aldehydes at n e utr alpH a ndte mperatu r e, andthelethal
pote ntialofacr olein;its eemsqulte PO SSible that the agentr e spo n siblefo r
the inhibitio n ofcellproliferation co uld be m ainly acrolein; as the other
products fro m extr a- c ellular polya min e oxidation w e r efo und to be o nly
mildlyinbibitory.
Ne xt the plasm a polya mines a nd amin e oxidase activitylev els in
plas m a of chr o nic renal failu re patients we r ein vestigated. Both profiles
w e refou ndtobe significantlyhigherthan the no m alcontrolv alu e s.Itw as
also s e e nthat the severity Ofrenal dis e a se c orrelated wellwiththe pla s m a
amin eo xidas e activityle v elsthat w e re highe rin the se ver egr oup patie nts
tha nin the mode r ate group ofchro nic renal failure patie nts. On the other
band
,plas m apolya minele vels w erelo we rin severegr oup patientstha nin
m oder atepatie nts a nd only sper mi皿ele v els we r ehighe rin this gr o up. T his
phe no m e n o ncould bedu eto thepresen ce of highamine o xidase activityin
the plas m a of sev e r er en al failu r e patients degr ading the a vailable
polyamin es; a nd as the patie nts of this gro叩 We r e undergol ng
he modialysis fo rtr e atm e nt, this als o, couldbe r e sponsible fo rre m ov i ng
s om e of ぬepolya min e s血
･
o mtheplasm a･
Ⅵ1eeffe cts ofthre eother co mpou ndsthatar estronglys u spe cted a s
●
m ajo r u remic to xins by other w o rke rs w e r eals o tested in bioc ultures.
h do xyl sulphate, 血ethylgua nidine a nd u re a sho wed only v ery mi 1d
inhibition at5m M
,
3m M a nd 30m M c o nc e ntrations respectively; 血eto xic
co nce ntr atio n s of allthree ofthe se c o mpo u nds w e re c o n siderablyhigha nd
m ay n otbe attain edateve nthe m o st m o rbidpathologlCale又treme.
●
Fro mthe o veral observatio n s of th is w ork
,
itcould behypothesiz ed
thatitis a c T10lein , fo r m ed after the e xtra- cellula rpolya min e o xidatio nby
the a ctio n ofpla s m a amine o xidase, whichacts a s a m ajo rto xin ofu remia.
Ac rolein, forits v eryhighre activity c an c ause to xicityinsta ntly atits
'
site
of fo r m atio n o r m ay for m c o njugate sthat travel a distan c e and c aus e
●
dam age atadista ntfわc us.
T 山s wo rk holds signific a nt pro mise for(1)a scope to inte rve n e
agal nSt the gradu al deterioration ofchronic re n al failurepatients which
o cc u rs e v e n after e mployi ng allthe pr ese ntly a vailable m ode r nm edication
●
a nd equipme ntfa cilites,byinhibition ofpolyamin eoxidation andthus of
●
r e a ctive ac rolein fo r matio n;(2)to use plas m apolya mine ands e ru mamine
oxidas e activity lev el estim ations as aids to the pres e ntly a vailable
con ve ntion al labor atory I nv e stigativ e pro c edu r e sfor diagn o stic pu rpo se
a nd als o as aprogno stic to olin the regula rfollow - up of chronic r e nal
failu r epatie nts.
瓦m息TO盛岨C忠畳o弧
Polyamin es are rleC eS Sa ry for n orm alc ellgrowth(1,2) a nd are
involved in m any impo rtant cellula r functions in the cell and their
deficie ncy o r abs en ce is reported to seriously hamper both the
tra n scriptio n al andtr a n slatio nala ctivites of alm o stalltype s ofc e11･ T hese
polyc atio nic, endoge n o us, pn m a ry aliphatic a mine s a r epr oducedin the
●
c ells a nd a bdef descnptlOm Ofthe ge n e r al m etabolic pathw ay of 也ese
e ndoge n o us a min e sis givenin Fig･且･ T he diamineputrescin e, pr ecurs orto
the polyamin es, spe r midin e a nd spe rmin eis deriv edfro m the a min o a cid
o 皿itbin e by the actio n of the en zym e omithine de carbo xylase.
De c a rboxylated S- aden o syl m ethio nine donates a minopropyl m oietieg that
are added to putr es cine a nd spermidine r espe ctiv ely by the e n zym es
spermi din e a nd sper min esynthas e s; atightregulation for mainten ance of
optlm um relativ ele v els ofputr es cim e, spe Ⅲnidine and sper min eis apr e-
r equisite for no m la c ellular fu nctio n s. An alte r n ate inte r- conv ersion
pathw ay operatesto r占- c o nv ertsper mine to sper midine, andspermi din eto
putre s cin eby utiliz ng tw o other e n zym e s･ Atfirst spe mi din e/sper min e-
NJ- ac etyltran sfe r ase a c etyiates the polyaminesinto their a cetyl derivativ es
a ndthen the se are a cted upo nby polyamin e o xidas eto yieldspe mi din e
a ndputr escin efr o mspe rmin eand spe rmidine respe c丘vely･ In the pro ce ss,
3- ac et amidopr opanal, an aldehyde co mpound is also de riv ed; but no
e videnc eof intr a c ellular cytotoxicityfro m this compoundis pre s e ntin the
lite ratu r e.
T he effe cts of extra- c ellular polyamine catabolis m are n ot as
ba 皿1ess asisin the intra cellular milieu(3,4). Polya mine sadded in tr ac e
I
a m o unts ha v ebe en fわu ndto be toxicin mam malian cellcultu re syste m s.
Thelabor ato ryculture ofm a m m ali n c ellsis u suallysuppo rted byse ru m of
bovin e o ngl nfor mainte nanc e ofgrowth or prolife r ation. Bovin ese rum
● ●
c o ntain shighlitres ofa n amine o xida se thathas co nsiderable affin tyfor
ぬepolyamine s, spe r mine andsper血dine. Ⅵl epOlya mines a r edegraded by
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Fig｡1 甘he m etabolic pa払 w ay of endogeno u s polya min esin
e血karyotic c e且ts. Ⅵ1e e nZym eSin v olv ed directly ar e: 1. O D C, ornithine
de carbo xyla se; 2. S A M D C, S- ade nosyl m ethio n oine de ca rbo xylase; 3･
spe midin e synthas e
･
,
4･ Spe rmin e syntha s e;5･ Spe r midin e/spe mine- N
l
-
acetyltran sfe r as e;6. Polya min eoxidas e.
血ebovin es eru m a血 ne oxidaseinto s everalpote ntialtoxic pr oducts(5,6)
that maybe respon sible forthe obse rved cytoto xicity;as when the c ultu r es
w e r esuppo rted by altem ate grow thfactors othe rtha nbo vine s e r um , the
additon of polyamin es at similar c on c entr ations failed to indu c eany
cytotoxic effe ct･ In Fig.2 a s che matic repr esentation of the reaction
betw e en s em m a mine o xidase and the polyamines witb 也e resⅥ1ta nt
produ cts a nd after-pr oduct are sho w n. The interaction o c cu rs in the
pr e s ence of m ole c ular oxyge n a nd w ate r a nd the pr odu cts derived ar ethe
o xidiz edpolyamine s orpolyamin ealdehydes(thedi- o rm ono- aldehydes of
spe rmin e or the spe rmidine m o n o aldehyde). Hydroge n pe roxide a nd
a m m o nia a re als o ge n e r ated fro m this r eactio n(6). Boththe polyamine-
aldebydes a ndhydroge npe roxide ar epote ntiallytoxic;but the polyamin e-
aldehydes, spe cially spe mine-dial dehyde is highly u nstable
-
at
physiologic alpH and temper atur e a nd m ay u nde rgo a spo nta n e o u s, n on -
e n zym e, A- elimin ation rea ction a nd rele ase ac rolein(7), that m aybe ev en
m or etoxic.
Ac r olein o c c u rsin the e nviron m e nta s a ubiqu ltOuSpolluta nt thatis
ge n e r ated a s aby-produ ct of ov e r-heated organic m aterials. In viv o,
a c rolein is fo r m ed in m etaトc atalyz ed o xidativ e r e actions and als oby
eli min ation r eactio n s of u n stable aldehydic c o mpou nds･ Ac r olein is the
strongest ele ctr ophile a m o ng the un satu r ated aldehydes a nd shows the
highest re actlVlty With n u cle ophiles, including s ulhydryl gro ups of
cystein e, histidine and 旦ysln e. Ac r olein fo rmed in viv o, e xhibits facile
rea ctivity with vadousbio m ole c ule s,includingpr oteins a ndpbo spholipids･
It also hasthe potentialtoinhibit ma ny en zym e s a nd can quicklydeplete
c ellula r glutathio ne le vels. Acr olein may inactiv ate the reductas e
re spo nsible fo rthe r eduction of vitamin E radicals･ Itis also capable of
m odifying DNA base s withthe form ation of e x ocyclic adducts. Studie s
hav ede mo n str ated 也at ac rolein is rapidlyin c o rpo rated into protein sa nd
ge n erate s carbonylderiv ative sandthat ac rolein pr efer e ntially rea cts with
lysine re sidue s that ar e prominent c o mpo n ents of tau, a cyto skeletal
Fig･2 As che m a鮎 r epr e se n息atio m o官s e柑 m a min e o x孟das e c a由且yz ed
poiya m孟me ox畳da息ion and 蝕e r es u比ingpro血 cts
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c o mpone nt. Signific ant ele v atio n s of a cr olein in the a mygd ala,
hippo c ampu s and parahippo ca mpalgyrus were found in AIzheimer
T
s
disea se. Acrolein als o c au s ed a conc e ntration -depe ndent inc r ease in
intra c ellula r calciu m c oncentratio nin hippoca mpal c ulttlr eS. It is als o
reported 血at a crolein tox I C lty m aybe m ediatedthrough the inhibition of
● ●
gluc o s etra n sportandgluta mate uptake(8-12).
To e stablishthe mie ofa crolein a sthe prl nC IPal leth alc ompo n e nt
● ■
an s lng aS ar e s ult of extr a- c ellula rpolyamine o xidatio nby se ru m amin e
o xida s e
,
a tw o- ap proache xpe rim entalstrategyo n c ellularproユifer atio n w as
e mployed uslng thre e ma m m alian cell lin e s. T he first appr o a ch w a sto
induc e similar gr ades of inhibition by the individual toxic produ･cts
(hydr ogen per oxide o r ac rolein)ofextr a- c ellularpolyamine o xidation and
●
bys o me aldehyde c o mpo undsin cluding3- a min oprop10nal dehyde that m ay
als o gl V e rise to a croleim by a n eliminatio n r e a ctio n. And 也e se c o nd
app叩a Ch w asto s e etheprote ctio nle velorto xicity ギeVerSal0ffer ed bytheir
s ele ctiv e a ntedotes(c atalase against hydroge n per o xide a nd aldehyde
debydrogenase against a c rolein or 血e aldehyde co mpou nds), boぬ
individu ally a nd in corhbin atio n. T he cytoto xicitybythe o xidatio n ofthe
polya min e s(spe min e o r sper midim e) the m selve s, w ere us ed as ぬe
standardsfor co mparis on.
The c ell line sthat w e re u s ed in this study a re甲M 3 A(fr o m m urin e
P
m a汀 皿 aryC ar Cin o m ac ells), L 1210(fr o m murin ele ukemia c ells) and NIH-
3 T 3(fro m ratfibroblasts);the pre cu rs or cells to e a ch of the s e c ell lin es
(s m o oth mus cle s, blo od c ells and fibr obla sts)pos sess thepote ntialriskto
beco m ethe prim e Victims to the toxic produ ct/produ cts of extra- cellular
polyamin e o xidation, o n a physiologic al c ontext･ Aminoguanidine, a
gua nidin e c o mpo u nd,is a c arbo nylre age nta nd itinhibits amin e o xida se s
of s eru m and whe nthis co mpound w a sused in c o mbination with toxic
c o n centr atio n s of the polyamines (spe 血 n e o rspe r midine), nei血er
cytotoxicity ofanykind w a s obs erved, nor pr olifer atio n was affe cted; and
it c ontin ued at a si mi la r r ate as the c o ntrol c ulture c ells. Whe n the
cytotoxicity of the two majo rtoxic pr odu cts (hydroge n pero xide a nd
ac rolein) of extra- cellular polyamine o xidatio n w ere co mpared, a cr olein
w asfound to be m uch more toxic than hydroge nper oxide
･
,
a nd the s e
individualtoxic effects c o uldbeprev e nted by aldehyde dehydroge n ase a nd
c atalase r espe ctiv ely･ W he nthele v els oftox I Clty reVerSalby catalas eand
aldehyde dehydroge n a se for spe rmine oxidatio n a sociated to xI C lty W er e
c o mpa red a nd e valu ated, it w a s fou nd that aldehyde dehydr oge n ase
prote ction fro m spe min etox I Cltyw as v e ry effectiv e, whe r easc atalase at a
c o n c entratio n that protected against toxicity produ c ed by a high
co ncentration ofhydroge n pe roxide, pr o vided only v e rylittle protection･
And 也e c o mbinatio n of both aldebyde debydroge n ase a nd c atala se
pr e v e ntedspe 皿in eto xI C ltyin pre se nce ofsem m alm o stc o mpletely･
● ●
T be effe cts of v arious other aldehyde co mpo unds including 3-
a minopr opa nalthat only, m ay relea se a c r olein via a n eliminatio n reaction
w e re te sted als o･ T he aldehydes, for maldehyde, a c etaldehyde and
propl O n aldebyde re nde red similargrade sof inhibitio n on cellprol 血ration
at relativ ely bigh c onc e ntr atio ns but 3- a min opr opan al sho wed the sam e
inl1ibitons atalow c on c e ntration thatc orrelated well withthe spermin eo r
a c r olein toxic do s e s･ T his pr o vides a str o nge rbold o n acr olein a§ 血e
c o m m o ndete min a nt oftoxICltyfro m all these s ou r c es･ TYle PrOliferation
inbibitio n 血at could be pro血 ced by each ofthes ealdebydes or by 3-
aminopr opa n alw e r effe ctivelypre v e nted byaldehydedehydroge nase二
T he othe rpolya min e, spe mi dine, als o sho w edsimilar effe cts when
it w as tested; thoughthe conc e ntr ation ofsper midine to produce similar
gr ade ofinhibitio n w a s n e arlyfivetime sgre ater･
Bovine ser u mis kn o wn to oxidativ ely
･deamin ate polya min es at
their free
, prim a ry amino te rmin als only(13); tw o ac etylated spe rmidin e
･
c ompo u nds wer e evaluated for their cytotoxic effects･ N
l
- ac etylspe rmidine,
whe re apdm ary a mino te minal(地at w ouldgive ds e to acrolein)is
a c etylated a nd 〃
8
- a c etylspe -idin e wi血 on e 丘ee pdm a ry a min o
te min al(that m ay giv eris eto ac rolein) were tested. N
8
- a cetylspe rmidin e
couldbe acted upon .by s er山m amine o xida se and that the re s ulting
aldehyde produ ct r ele a s e s a c rolein･ And as expe cted, onlythis co mpou nd
sho wed mode r atetoxicitybutNしac etylspe rmidin e c a used noinhibition of
cellproliferation .
Afte r obs e r v i ng the inhibito ry effe cts of e xtr a- cellular polyamin e
●
degradatio n on c ellula r prolife ration , m ost possibly e x e c uted out by
acrolein thatis relea s ed ther e
,
a se a r ch fわr po ssible con c omita nt D NA
changes w a s u nde rtaken to find o utifthis r e a ctiv e aldehyde c a u s ed any
m ole c ular cha nge s･ Very little c o uld be fo und regarding the m olec ular
effects c a u sed by a c roleinin thelite r atu r e･ Total D NA synthesisin F M 3A,
thatis a nactiv elydividing c an cer c ell line, w aspr ofou ndlyinhibited bythe
toxic do s e s of ex oge nously added spe r mine or spe rmidine;butifse r um
amin e oxidase w asinhibited a ndthus the fo rm ation ofa c r olein
,
the nthe
s am e c o n ce tr ations ofthe polyamin es didnotc ause any s ignific antfal in
D N Asynthesis･ Ithasbe e n r eportedthatacrolein e xpo su re rapidlyc aus
l
ed
se v ere depletio n of celular glutathion e that w as hypotbesiz ed to c a use
change sinthe e xpression ofone or mo regr o wth- or str ess- r elatedge n es or
transcrlPt10 nfactors; a ndthe activation ofthe tr a nsc riptio nfacto rsn uclear
factor kappa B(N F- kB)a nd activ ator pr otein 1(A P-1)ar ethought to be
inhibited by ac r olein;buts o me ele ctrophile re spo nse elem ent(ERE)ge n e s
s u ch a s the glutath ione S-tr a nsfer a se and ga m m a-gluta mylcysteine
synthetas egen es w e re also repo rted to be stimulated by acr olein which
co uldr e s ultseco ndarytoglutathion edepletio n(8).
Ce11s when c ultu r ed in the pr es enc e oftoxic do se sofpolyamin es
a nd the bo vin e seru m amine o xidas e was inhibited by a血 nogu anidin e,
sho w ed a m arked intra c ellular in cr e a s e ofthe addedpolyamine a nd the
c ellularprolife r ation rate w as not affected at all, desplte the pr e s e n ce of
bighpolya min es.
The othe rtw o c ell lines als o exhibitedsi mi lartypes ofs ensitivityto
血e toxic pr odu cts ofextra- cellular polya min e oxidation, wbicb c ould be
pr e v entedqu ite Su C C eS血11yby aldehyde debyroge na se butnotby c atala se
to a nyslgni丘cante xte nt.
T be o xidation ofa nd cわn co mitant ac r olein for matio nfrom se v e ral
polyamine co mpoundsby amin e 拡idase in bovine se ru mw e re tested a nd
10
sper血 ne w as fわu nd to be o xidiz ed at the highest r ate and a c r olein
form atio n afte rits oxidation w asthe highest als o･ In fact, theinhibitory
effects on cellprolifer atio n w e r eproportion al to the acrolein for matio n
fr o m e a ch ofthese compou nds･ W he n a crolein w a s ad ded dire ctlyto the
cultur e m edium
,bec ause of its highr eactivityltr ea cted veryfast within a
shortintervalwiththe s eru m c o ntents and als othe r eis apo ssibility ofpart
of the added acrolein being ev aporated a w ay; butits form atio n after
polya血 ne oxidation is slo w and gradu al andthe ac r olein can r e a ct m or e
ste adilyin a co ntinuo sfa shio n･ Asthe effe ctsofthesetw ocompo u nds w e r e
tested o ncellula rpr olifer atio n, thatis an e xpon e ntialpro c essa nd be ca u s e
of the differ e nt kin etic of a cr olein in these tw o situ ation s
,
eithe radded
dir ectly orfわr m ed afte rspe rmin e o xidatio n, the o utco m e s we r e appa r e ntly
notupto stoichiometric expectations; as on e molecule ofspe rmin eshould
g”e ris eto tw o m ole cules ofacrolein･ T heinitialpar ado xthat the to xic
con c e ntration ofac rolein w a s alittlelow e rtha nthat ofspe r min e could be
′
e xplain ed by this c o mplex phen o m e n oa nd thus the Justification of
acr olein
,
corung from the un stable, inte rmediately fわrm ed polyamin e-
aldehydepr odu cts ofspe -in e o xidation asthepn nclpallethalagent･
Polya min esa s ubiquito u sbiogenic amines ar epre sentin all living
c ells and they are als o fo und in the extra- cellular compartm ents in
m am m als
,
altho ughata m u chlow er c on centr ation tha nthatinside the cells
a nd distn ct m echanisms existforthe releas e and uptake ofpolyamine sin
the cellm embrane･ In hum a ns athealth
,
the plas m afreepolyamin esha v e
be en e stimated to be arou nd appro xim ately O･21nm o - I Signific antly
raisedpla sm a fre epolyamin elev els ha v ebe e n r eportedin seve r al dis ea se
co ndito ns･ whe reifa ny but very poor u nde rsta nding e xists abo ut their
roles･ On e su ch c o nditon is chronic r e n al failu r e with u r emia. In this
dis e ase pr oc ess,du eto co mpe nsatedand deterior atl ng Or n ear- absent r e nal
fun ction
, acc um ulatio n of v ario u s metabolic w aste pr odu cts which
othe rwise would ha v ebe e ne x c retedbythe healthykidn eys, builduplnthe
blo od and is colle ctivelykno wn ムs u r emictoxins･ Am o ngthese c ompo unds
to m e ntio n are u r ea
,
c r e atinine
, gu a nidin e, purine, o xalate, pho spho ru s,
ll
cystatin C, 1eptln , indole s, hippulC acid, peptide, adva n c ed glyc o sylatio m
●
e ndproducts, B2- microglobulin a ndpolyamine setc(14). T he re ofcourse,
e xists m u ch dispute and confusio nin the presentlite ratu r e r egarding the
suprem acy of 血elethalc o ntribution by e ach ofthese pote ntialc a ndidate s
ofuremic to xins a nd asfo ryet, n ot a single age ntfro m the wholelisthas
be e npointed outas amajor Or e ve n aPredomin a ntagentac co u ntableto the
gradual deterio r atio nthatis evide ntly enco u ntered in n ephrogemic u remic
subje cts(15)It m ay als o be a n o r che str ated effe ct of s e v e r al kinds .f
c u m ulated s ubstan cesin the blo od wher eo ne to xic age nt m aypote ntiate
the to x IC ltyofan othe r. The e xte nt a nddistribution ofthese v ariousto xins
m ay va ry fro m o n e r eml fai lu r epatient to an otherdepending o n the
individu aletiologl e S a ndthe cou rse oftheirdise a s epr o c esse s･ It also m ay
bein凸uen ced bythe type of drugtre atm entor otherthe rapleS aPatientha s
be en availing of. Stillthen, s om e ofthese to xins maybe cla sified ov e rthe
others a sm ajo rtOXins･ Polyamin e shave been m e ntion ed a s o ne of the
potentialcandidates ofur emic to mi in theliteratur e(15). Butitis n otyet
kno wn a stoifthey and how they c aus edam agein u r e mia･ Thepolyamin e,
spe min e hasbe e nreported to inhibit erythr opoiesis(16). Fr o mthe c ell
cultu r e studyundertake na nd fro m othe r repo rtsitis alre adykno wn thatthe
polya血 n esbythem selves arenotle血alandthey can o nly elicit tox ICltyin
thepre s e nc e ofs eru m amine o xidase; m ostpo s siblyby relea slng adrolein,
that is highly electr ophilc and may r e a ct with various pro- survival
nu cle ophilic 喝entS pr e s e ntin blood o r o n c ell s u血 c es and e xtr a- c ellula r
m atric es･ A higherpolyamine content a nd inc rea sed s eru m amine oxidase
activity in the pla sm a appears to be the mo st
､
optim u mprecondition fらr
a c rolein fわrm ation ther e. Wbether 也is w as 也e r elated me cha nis m of bow
l
polyamin e s e xe c uted asto xic u remic age nts, the scree ning Ofplasm a fr o m
●
chronic renal failu re patie nts for plasm a polyamin epr ofile and amin e
o xida se a ctlVltylev elwe r e u nde rtake n.
For this studyblood w a s c ollected withviable writte n cons entfro m
chronic re n alfailu re patie nts･ T he patients w e r egrouped intotw o,basedo n
their se r um cr e atinine lev els･ Patie nts with v alu es abo v e8mg/dL pla sm a
12
w e r edesignated a s se v ere group ofchronic r e nal fai1urepatients a nd all
血e s epatie nts w er ebeing r egulady be modialyzed as part o= heir o ngoi ng
tre atment- s chedule･ Blood w as also cole cted from appar ently healthy,
no - alv olunte e r swith verbalconse ntfわr s cr e nl ngpu rpOS eS･ Ⅷ e plas ma
polya血 n e valu es w er e obvio usly higherin the m ode r ate gr o up a nd the
s e v e r egro uppatie nts e xhibited onlyspe r min elev els, thatw e r ehighertha n
the av e r age c o ntr olvalue;the plasma a min e oxida se a ctivities we re high in
bothgro ups ofchronic r enal failurepatientsbut w as signific antlyhigherin
the s e v e r egroup･ A verylow basalplasm aa min e o xidase activitylev el was
also e n cou nte r edinthe c o ntrolgr oup･
Itis w o rthytotake note ofthatpatie ntsin the se v e r egroupunde rgo
he modialysis fわr tr e atm ent, and this m ay explain the pa rado xical low e r
v alu e sof 血e plasm apolyaminestha n was seenin m ode r ate group patie nts･
Pr e vio u s r epo rts ha v e indicated that in c omparison to putr e s cine,
spe midin e a nd spermin e w ere rathe r refractory to hem odialysis
treatm e nt(17)and ar e n otre mov ed e触ctiv elybythe ex change pro ce血r e
of c on v e ntio nalhe m odiaiysis･ A lso the higher le vel of amin e oxida s e
activity m ay be pa rtly respo n sible for the dis appe a ran c eof conside r able
am o unts ofpolya min esfro mtheblo od.
m e pu rpose of this study wa stoide ntifythepn n c IPaltoxic ele m e nt
fr o mpolyamine oxidation by serum amin eoxidas ea nd its r ele van c占to the
pathogenicity ofthe clinic alc onditio n ofchr o nic r e n alfailu r e withu r e mia .
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野鼠T息互
C且a T五段c a伽 n to 蝕e m ega 鮎 e r o且e 地a忠poiya m畳n es 甚舶y o 皿 C e且且
p訂0且i 触atio m 畳n 蝕e pr esen c e of se r u ma min e o x鼻血 se a nd
imp且畳c a鮎 m s ofa cTO且ein息obe 地e mo s息且肱軸 r e spo nsib且e age nt
As e s se ntialcompo nents of v arious fun ctio n s related to c ellula r
gr o wth andprolife ration , the role ofthe polyaminesisindispe nsable a nd
w ell established･ No rn1 al cells maintain an optim um le vel of the
polya mines by a ve ry efficie nt a nd inter- r elated polya mine-bio synthetic
andinte r- c o n v e rsion pathw ay i nsidethe c ells･ A variety ofgr owth- stim uli,
str ess r esponses and m any otherfacto rsm ay up- regulate the pr odu ctio n of
thes ee ndogen ous, prlm a ry, alipbatic a min e sim ぬe c elland so itis w ell
o rganiz edto prote ctits elf fro mpolya mine overlo ad byse v eralm e cha nis m s
su ch as the antizym e sinhibiting omithine-decarboxylase a nd the
m am m alia n ceu m embrane als ohas a yet s ofar v aguely unde rsto od
tr a nsportsyste mforpolyamin e-trafficking･ Thisintricate, co mple xc ellular
arr a ngem e ntpoints to theimpo rtan c efo rthe tightregulation of optim um
polya minelev elsin sidethe cells.
Ho wev er s o
,
in cr e a sed O D Cactivity and c o n current high
polyaminele v els ha ve been obs er ved in a varietyof hum an pathological
c o ndition s a nd als oi血 stre ss-induced anim alsin thelabor atoTy･ Polyamine s
added in 血e pre s enc e of bovin e seru m amin e o xida seto 血e culture
m ediu m has sho w n a ninhibito ry efe ct o n c ellprolifer atio n which w a s
abolishedif the c ells we re cultured ex cludingthe bovine ser umfr o mthe
c ulture m ediu m and adding othe rgr o wth fa cto rsas reported by pre vio u占
w orkers･ Since polya min e s alo n efailed
■
to elicit this inhibition and the
presenc e ofs e r um amin e oxidase- rich bovin e se r u mw as obligato ry fo r
elu cidating this to xic effect s oit se e m ed re as o n able that the v e ry
co mbinatio n ofpolyamines a nd se r um amin eoxidase was produc lng the
r espo nsibleto xic age nt.
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Polyamines are a cted upon by s er u m amine o xidaseto produ ce
oxidiz ed polya血 n e sor polya min e- aldebydes, hydr ogen per o xide a nd
a Ⅱ - o nia･ The oxidized polyamine s o rpolyamin e- aldehydes by a
SPOntan eOuS, nO n- enZym e, beta - eliminatio n r e a ctio n release a crolein that
has gr eatlethalpote ntial fわr m ostbiologl C alsyste m sbe c au s e of its bigb
r e a ctivity･ Aminogua nidine, a gu a nidine co mpound, is aninhibitor to
s e rum a min eo xidas e･ W hen the activity ofa min e o xida seinbovin e ser um
w a sblo cked by adding a minoguanidin e to the c ultu托 m edium 也e
inhibitory effect of e xogen o u spolya min e so n c eu proliferatio n was n ot
obse rved･ Ⅷ e intrac ellularpolyamin e c o ncentration wa s m easu red a鮎r
c ulturing c ells with toxic do ses ofpolyamin es and seru m amine o xidase
both in the pr e s e n c ea nd absen ce of aminogu anidin e･ The polyamin e
● ●
to xIClty elicited in pr ese n c eof a血 n e oxidase show ed do se -d甲e ndency･
SuTPn Slngly, part of the added polyamin es a c c um ulatedin side the c ells
● ●
wbe m cultu r ed w 地 both ex oge n ous polya血nes a nd amin ogu a nidine but
the c ellprolife ratio npr ofile w as n otaffe cted･ T hisprotection w a s squ arely
afforded by amin ogu anidin ethatpre v enteddegradatio n ofpolya min e sinto
to xicpr odu cts.
Ⅷ e n 血e individu al tox IClty Of s eve ral aldehyde s, hydr ogen
● ●
pero xide and ac r olein w ere in v estigated in a c ellcdtu r e study a nd
c o mpar edto poly amin eto又ICltyin the s ame, all in theprese nce of bovine
● I
se ru m･ Ⅵ1 etoxicity ofa c r olein w a sthe mo st
inte ns e
,
m atching v ery close to that ofsper min e;the other al dehyde s or
hydr oge n per oxide required signific a ntly higher co nc entratio n s to
●
reprodu c ethe s a m elevel of inhibitio n o nc ellpr oliferation･ Catalase, a
he mopr otein enzym e, plays an impo rtant role in re mo v lng hydrogeh
pero xide by for m ng o n em ole c ule ea ch of o xygen and w ater fr o mtwo
m olecule sof thes ame･ No - allythe circ ulatingplas ma containslo wle vels
ofthe enzym e･ This en zym e w as usedto se ethe e xte ntofprote ction fro m
the inhibitio n that was indu c ed by either hydrogen pero xide o rthe
polyamin e s, in pre s e nc e ofgerum amine o xidase. A ddition of minim al
c o nc entr atio n s ofcatala sein the c ultu re m editlm Protectedthe cellsfro m
15
hydr oge npe roxideinhibito nbut the sa me le v elofinhibition produ c ed by
polya血 n es c o uldonly n egligiblybe r e ve rsedbythe s a me o r e v e nbigher
con c e ntr atio n of c atalas e･ But whe n aldebyde.debydroge n ase(a n e n zym e
thatis no - ally prese ntin the c ellcytoplasm o rmitocbondda and catalyse s
the o xidation ofa ny aldehyde grotlPintoits ac etic acid)w as usedinste ad,
m ajor Prote ction w as dictated on cellproliferation despite inhibitng
do sages of polyamin e s or the aldehydes in the cultur e m ediu m(27).
Ac r olein toxIClty Was also prev ented effe ctiv ely by aldehyde
dehydr oge n ase･ Asithad been propo sed that3- a min opr opaJlal develops
afte r w a rdsby a r e a ctio nbetw e e nthe a c r olein for m ed fro m a n elimin ation
re actio n a nd am m o nia fro m polya min e o xidation, he nce the likely
inhibition bythis agent w a s als oinv estlgated on c ellpr ol 血ratio n･ Ithad
repr ess i ng effe ct o n c ellprolifer ation at a c o n c e ntr ation close to that of
acr olein or spe -in e･ As e xpe cted, thisto xicity couldals obe av e rted by
aldebydedebydrogen a se･
As putr escin e wa sr eported(18)as aninferio r s ubstr ate to bovin e
s eru m a min e o xida se wi tha K
m
valu e of2m M , c els c ultu r ed in the
pre sen c e of bigb co n ce ntration of it show ed no n egativ e e飴 ct o n
prolifer atio n･ For spermi din e, the e xpe rim entresults w er esimilarto those
ofspermin e exc ept thatthe c on centr ation to pr odu c ethe s am elevelofc ell
inhibiton wa sfivetim esgr eater･
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Ce皿 Cu且息u T e
An established m am m ary carcin om a cel lin e of mu rine orlgln,
●
F M3A, w as pr opagated at a den sity of 500cells/mL in 5 mL of E S
mediu m(Niss ui Pha rm ace utical Co･) in 60m 血15m m n on-tr eated
,
polystyre ne, cell culture dishes 丘･o m Co rnl ng･ T he mediu m w as
●
supple m e nted with 5 0units血⊥ of str eptomycln, 100units/mL of
pe nicillin, 50p g/m L of genta micin, 2m M L-glutamine and 2% heaレ
in activated bovine seru m･ After thaw i ng froz e nbovin e se rum at ro o m
●
te mper atur eit w astr e ated at56oC fo r30 min utes･ Befo re addingseru m , the
m ediu m pH w a sadju stedbetw e e n7.2- 7.4 by adding sodium bic arbo nate.
The c ultu re w a smaintained at37oC with5 %ca rbo ndioxide a nd airin a
bu midi 鮎datmo spher e a c c ording to the m ethod of Ayus a w a et al(19).
An othe r c ell lin e
,
L121 0
,
ofm urineleukemia o ngln W as C ultured in R P M I
● ●
1640 m e血 m w 地 10 % beaトin a ctivated bo vine s eru m s upplem e ntatio n at
co ndido n s a sm emion ed above, starting I n c ubatio n at 50000c ellshnL
●
de nsity.
NI H-3T 3cels(a celllin e ofratfibroblastorigin)were c ultu r edin
m o n o-layersin D M E Mm ediu m s upple m e nted with10 % heat-in activated
bovin e se r um in poly-1ysin etr e atedtis s ue culture dishes of lOOm m/20rr m
diam ete r(Co血 ng)･Tbe mediu m w as s up plem e nted wi血 2m M しgluta min e
and5 0p g/mL ofgentamicin a nd cells were seeded ata density Of50000
c ellshnLin atotalvohlm e Of lO mi. . The cultu re m edium sRPM I 1640a血d
D M E Mw er e als o fro m Nissui pha rm a ce utical Co. The a ntibiotic岳
●
str epto myci n andgentamicin wer e from Sigm aC hemic als Co. Penicillin
a nd L-glutamin e wer e s uppliedby Na calai Tesque･ In allthe abo v ecultu r e
e xperim e nts, 1m M a Ⅲ血 ogtla nidin e(AG) w asadded wher ei 血ibitio n ｡f
se rum amine oxidase w as inte nded･ Aminogu anidin e w as obtained fro m
Wako PureC he micals.
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Ce且且co 岨n息S
For co u nti ng the FM 3 Aor L121 0cells, afte rco mpletion of the
intended in cubatio n pedod with the indicated r e agents, c ells w er e
suspended by gentle aspiration and m o -ted on cou nting Chambe rs and
c ou nted by phas e- c o ntra st mic roscop yafte r stal n lng With O･25 %trypan -
■ ●
blue in P BSI NIH-3 T3 c ell m ono-laye rs, afte r c o mpletion ofin c ubatio n
w e r erin s edtwice with pho sphate -buffe red saline a ndtrypsl nl Z edfo r2-4
● ●
min ute sfordeta chm e nt a nd r e- suspen sionin D M E Mm edium a nd c o u nted
in the similar w ayas me ntio n ed.
Cyto x畳c紬yExpe rim e nts
A clonoge nic cells u Ⅳivala ss ay wa susedto evalu atethe ability of
the c ells to r eplic ate follow i ng tre atm ent With the implicated cytotoxic
age nts･ F M 3 Aand L1210c ells that w e r e･gro wi ng ln log phase a nd the
NIH -3T 3c ells gro wn to about 80 %co nflue ncy w er e propagated at a
denslty Of 5000c ells/mL in respe ctiv efr esh, s eru m - s upplem ented c ulture
m ediu m sat37oC･ Pr opo s edto xic re agents w er e added 5-15 min ute s after
addition of the s ele ctive a ntago nistagents wher eindic ated. Ⅵ1e Substan c e s
tested fo r c elltoxicity we re spe r min e(15-30pM), spe mi din e(loo-150pM),
putr es cine(1-3m M), hydrogen per oxide(200-400pM), for maldehyde(250-
500pM), ac etal dehyde o r propio n aldehyde(ea ch 2.5-5m M), 3-
amin opropion aldehyde(25-50pM)anda c rolein(10-15pM).
Spe mine, spe rmidine and putre scin e a stheir hydrochlori de salts
a nd fo rmal dehyde in s olutio n w ere obtain ed fro m Nacalai Te squ e;
hydrogen pero xide fro m Sa ntoku C he mical Industries Co. Ltd.
,
a c etaldehyde fro m Mer ck and prop1 0naldehyde w asfro m Wako Pu re
Chemic als･ Ac rolein and 3- aminopropanal diethyl- a c etal were pu r chased
from Tokyo Ka sei Kogyo Co･
3- aminopropan alw aspr epar ed fro m3- amin opropanaldiethyl- acetal
hydr olysisin l･5M hydro chloric acid and w a s ap pliedto a Do w占Ⅹ50 io n
ex change re sin c olum n acc ordingto the m ethodofIvanova et al(20); Acid
18
pr epar ado n s ofthe aldehyde w e r ene 地 alized with K O 削o physiological
pH im m ediatelybefore u se.
m efollow ingr eagents we re addedtofreshlysetupcultur em ediu m
whe r e appropriate, 5-10 minute s before addition of the r elated toxic
●
produ cts; aminogu amidin e 1 mM , c atala s eO･81 ･6 u/mL o r aldehydedehydrogen a s e2-6 uhnL･ Catalas e a nd aldehyde dehydr oge n a s ew e r e
obtain ed fro m Sigm a C he micals Col m e whole c ultu r epr o cedu re w as
c虻riedo uta sm emion edin c ellc ultur es ectio n.
For maldehyde, ac etaldehyde, proplOn aldehyde, a c r olein, 3-
amin opr opa n al a nd hydroge n pero xide w e re all fre shly prepar ed befbre
e ach experim enta nd whe r e r equir ed, w ereaddedlast･ Exceptforhydroge n
pe ro xide that w aspr epa r ed fro mthe s uppliedstock s olutio nin pho sphate-
buffe red saline
,
the r est ofthe r eage nts we re allprepared in the cold- ro om
at4oC in sterile D D W
･ A lwe re {1tered before addingto c ulture samples.
At the e nd of in cubation, c el” e n sity w a se sdm ated by a trypa n-blue
ex clusio n assay withapha se- c o ntrast micr o s c ope･
宜s組m a鮎 n ofintr ac e皿 血 rpo丑ya min ele v e且s
cultured cells we re ho m ogeniz ed with O･3 mL of O･2 NH CIO4 and
centrifugatedfo rlO min ute s at15000X g･ T he s upem ata nt w as u sed fo r
e stim atio n ofpolyamin e c ontentasdescibedbylgar ashietal(21). Catio n
e xcha nge HPLC m ethod w a s used for polyamin e s eparado n and
nuo r o metric detectio n of theindivi dualpolyamines w as obtained through
an a uto m ated a nalyze rconn ectedtoit･ 取 e pre c IPltateS We re dis solved in
● ●
o･1 NaO Hand mied vigorously befor e esti mitlng the c ellularprotein
▲
c ontentac c ordingto the m ethod of Lo wryetal(22)･ Thepolya min e swer e
e xpressed in n m o〟mg ofcellularprotein.
Me a stlr em e ntofa crふ且ein
Acrolein w a s m e as u r ed a c c o rdingto the m ethod ofAlar con(23). A
re a ction miture of atotal vol.um e of 400pL contain edO･03 Mpota siu m
pho sphate buffer(pH 7), 200pM of a subs&ate(spe mine, spe mi dine,
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putrescin e, N
)
- ac etylspe rmidine o rN8- a c etylspe rmidin e)a nd50pL of fetal
bovine s erum ･ T he mixture w asincubated at37
｡
c fo r2
,
4 and6 hours
re spe ctiv ely･ T he re a ction w a sstopped by adding 2･6 mL of a miⅩed
r eage nt that contain ed m - amin ophenol(0･018 M), hydro xylamine
hydr o chlori de(0･033M)a ndl･15M H Cl･ Afte rboilingfor ” minute s
, the● ●
Pr e C IPltate w as r em ov ed by centri fugatio n･ The fluor es c e n c eof the
supe m ata nt was me a sur ed atan ex citation waveleng也 of 350 n m a nd a n
e血ssion wavelength of510nm .
Ass ayfo rDN Asyn 伽 sis
FM 3A c ells w e r e c ultu r edfor24hou rs asdescribed pre viouslyinthe pr e s en c e oftoxic co n cen&ations ofspe mine or sper midine, eithsrin
the pre s en ce or abse n c eof amin ogua nidine to inhibit the se rum a 血 e
oxida s e･ Atthe e nd ofin cubation the cells we r eharvestedby c e ntrifugation
at 300g for 5 min utes･ DNA synthe sis w a s mea sur ed in te rm sof
【
3H]thymidinein c orporationinto DN Abyin cubatingthe c ells(5 X105/hL
in 2mL ofES m edium)with 185kBq[
3H]thymi dine(248 G Bq/m m ol)for2
hou rs･ Radio activity wa s measur ed by the method of Seyfried a nd
Morris(24).
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鼠es硯且息s
Seru m a mim e oxida seis obliga息oTy 触 c a TTy且mg O u忠 地e
●
畳nぬib畳toTy effe c息s o m ce且丑 pTO且i触 atio n by e x色町a- Ce且且岨且a T
sperm畳n e a ndc a nbe pr e v e m息ed bya min ogua nidine
ln 也e e xtr a- c ellula r e n viron m ent spe r min e was v e ry to xic at a
conc entratio n aslow a s30pMin theF M 3A c elsin the pres e n ce of bo vin e
s e ru m amin e o xidas e･ The c ells w ere propagatedin E Sm edium with 2 %
he aトina ctiv ated fetal bo vin e s e r u mat a de nsity Of 5000 c ells/mL a nd
in cubated at37
o
Cin ahumidified e n viron m ent with5 %CO2in airfor48
hou rs･ Spe mine was addedin 15-30pM con centrations withor ふithout
lm M amin ogu anidin e to inhibit the se r u m amine 拡idas e; the se v e r e
cytoto xic effects of 30pM spermin e c ouldbe co mpletely pre v e nted by
lm M ofthe en zym einbibitor a sis show nin Fig･3 and a minogu a nidin e at
th is co n c entrationdidn otc au s ea nystim ulation to cel proliferation ･ Butin
the pre s e n ce of 15ドM ofspe min e a nd abse n ce amin ogu anidin e, n o c ell
prolife ratio ntookpla c e.
Acrolein is m o r e息o xic 肋a nhydrogen pe r oxhle a nd 也e
孟ndivi 血a且
■
ioxici鮎s c a nbe stlC C eS Sfu且且y pr e v e nted by a且dehyde
deぬydT Oge n a Se a ndcata且a se T e Spe Ctiv ely
ln theF M 3A c ellstheindividualto xI C lty Ofthetw o majorProdu cts
that may aris e as a･ r e s ult of e xtra- cellular polyamin e oxidation 女e r e
as s es sed(Fig･4A)I Ⅷ einhibitio nthatis seen by400pM hydroge npe roxide
w asprev ented by o nly0.8-1,6 unitofc atalase/mL ofmedium andthよtcell
-
prolifer atio n contin u ed in thepre se n c eofe ven 200pM H202,indicated this
age nt to be a weak inhibitor･ On the contrary, acr olein w a sever elytoxic
a nd itproduc edsimilargr ades ofinhibitio n at a con c e ntrationthat w asle s s
than 26time sthat of H202(Fig･4 B)A But this s e v e r e cytotoxicity c au s ed by
ac r olein c ould bepre ve nted byaldehyde dehydr oge na se,3-6 units/mL of
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Fig｡ 3 Effe ctofspermin eon FM 3A c ellproliferationin thepresen ce of
bovine seru m witha nd without a min ogu a nidine(A G). Cells wer e c ultu red
in the standa rd method in E Sm ediu m with2 % bo vin e se ru m;sper mine and
A Gwere addedatthetim eofill C ubatio n whe r e
'
indic ated.
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Fig｡ 4 E ffect of hydrogen pe ro xide o r acrolein o n FM 3 Ac el
pr oliferation witho rwithoutc atalase(cat), 4-8 units/mL ofculture medium
o r aldebyde debydrogen ase(AL D軌 15-3 0 u nits/mL of the s 弧 e ES
m ediu m十2 %bovine se r u m.
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m ediu m ･ Thetoxicdose ofacrolein wa sverysi milartothatofspermin e.
SpeTmin e紬Ⅹiciiy ぬaio e c u TSin 伽 prese n c eofse r um
a mine o x畳da sea - be co 軸 oiled by a蜘 ぬyde dehydroge n a se,buもn otbycata丑a se
m e r e ve rsal ofspe rmine to xI C lty by eithe rcatala se o r aldehyde
dehydroge n as e arec o mpared and e valu ated(Fig･5)･ The to xicity thatis
c au s edbythe spe 血 ne o xidatio nprodu cts, w a salm ostco mpletely a verted
by aldebyde dehydroge n a s eat con c entr ations similar to that which
Prote ctedagain stSe v e r eCytOtOXI C lty C aused by15pM a c rolein;butcatala s e
●
■
failed to offer a ny signi丘ca ntprote ction again stthe toxicity ofspe min e
oxidation ･ Catalas eco nc e ntr atio nthatw a s usedin this c a se w a sthe sa m eas
that used to pr ev e nt the to xIClty C a us ed by 400pM hydrogen pero xide;
●
●
altho ughthis high am o untof hydrogenpe ro xide c an n otbepr oduced fro m
30pM ofspe min ebut the sa m e co n c e ntratio n of catalase w a su sed to
ensu r e n eutraliz atio n ofai旦ofthe hydrogen pero xide that mighthave be e n
produc ed 丘o m sperpine oxidatio n･ m e exte nsiv eprote ction ofspe min e● ●
toxICltyby al dehyde dehydroge nase, comparedto thein slgmi FICantreversal
by c atala s e, stro ngly hints at the aldehyde product o r m ore po s sibly
ac rolein
, to be 也e pn n c lpal to xic produ ct a nslng 如 m extra- cellular
● ●
polyamin e oxidation･ Hydroge n pero xide m ay be o nly very w e akly
inv olvedin 也e e x e cutio n ofthistoxic - ctandthe co mbination of both
c atala se a nd aldehyde dehydroge n as e co mpletely pre v e nted spe mine
● ●
to xIClty.
Acrolcin 蝕at畳s re且eas ed &o m the tl nStab且e a mino.
aidehyde pr oduct ofex息r a-c e氾mir poiya mdn e o xidatio nis the
ultim ate exe cutor ofthepr olife r atio ninhibitio n obse r v ed
T he interm ediary polyamin e- aldehyde products a r e un stable at
physiologicalpH a nd r eleas e a cr olein ･ Sin c eit w as n otpo s sible to s e the
effects ofthese u nstable amin o- aldehydes dire ctly on c ellproliftr atio ns o
the effects ofseveralother aldehydesin cluding3- amin oprop1 0naldehyde
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Fig･5 spe mineinhibiton on FM 3A(in ESm ediu m＋2% bo vin?s e rum)
c ell prolifer atio n and its pr ote ctio n by either c at la s e or aldehyde
debydroge n a se, o rby a c o mbination of both CatandA LD H.
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Fig･ 6 EfFect of differ ent aldehydes on FM 3A(in ES m edium ＋2%
bo vine se rum)c ellproliferatio n･ A･ Fo rmal dehyde(E CH O), B･ a cetaldehyde
(cH3C H O), C･ propio n aldehyde(c H3C H2C H O)a nd D ･ 3- a minopr opional dehyde
(N H2(CH2)2C H O) w er efreshly prepa r ed and added re spe ctiv ely at the tim e of
in c ubatio ntotheindicated culturedishes.
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w ereas se s s edfo rtheirtoxicities･ The aldehydestested wereformal dehyde,
ac etaldebyde a ndpr oplOn aldebyde;allthe se ar e r elativelystable and do not
ge ne r ate ac r olein by eli血nation r e a ctions, but3- a minoprop弧 althat w as
spe cialy prepa r ed in an acidic s olution and br ought to n e utr al pH
im m ediately befo reits use, m ay undergo a spontaneous eli min atio n
r e a ction a ndr ele a se ac r olein･ Thetoxic effe cts ofe a chofthese compounds
ar e show n in Fig･6･ The stable al dehydes sho w ed inhibition at high
c on c entr ations but3- aminopropanalc a usedsimilarle velof inhibitio n ata
r easonablylo w c o n c e ntratio nthat cor related v e ry clo se to the inhibito ry
co n c e ntr atio n s of spermine a nd a cr olein . The fact that out of al1the
al dehydes te sted, o nly 3- a minopropanalshowed signific a nt toxIClty and
● ■
地atit was the o nly produ ct that tendsto r elease a cr olein, gl Ve San e v e n
stronger e vide n ce to a c rolein being mainlyinvolv ed in thelethality. The
toxic effe cts fr o mal lthese aldehyde produ cts that w e r ete sted c ould.be
blo ckedbyaldehydedehydrogen as e･
3- amin opropanalis notkn own to fo r mfTr o min vivo extra- cellular
polyamin e o xidatio nbutthepo ssibilities ofitfo rmi ngafterw ards e xist. The
●
re active a crolein is rele ased and as it sho ws facile r eactivity so it may
in sta ntly re act with a m m onia a nd fb - 3- a min opr opa n altra n sie ntly a nd
ぬe n m ayre- rele as e a crolein.
監Ⅹ息r a-c el且覗且a r spe rmidine to xicity c an a且s o be
pr e v e nted by畳nh畳b畳血g s e 訂u mamin e o x畳da se;tha毛 aidehyde
dehydr oge m a s e) moも c ata且as e offe rs m ajo rpT Oもectio 皿 agaim s息
●
spe r midin etoxiciiy r e･c o n盟r ms a c710lein in v o且v e m e nti血the
Pr o c e ss
Spe mi din e, the other m ajor POlyamine thatis als o a potential
s ubstrateto se ru m a min eo xidas e, w as als otested in similar experime ntsin
F M 3A c ells in the presenc e of bovine se r um(Fig.7). A five-fold higher
con centratio nofspermidin eprodu c edthe s amele v elof inhibition that w as
cau s ed by spermin e; a mihogu a nidin eprev e ntedthe to xic effe cts and c ell
prolifer atio n c o uldcontin ue s am e a sin contr olculture･ Si milarto pr e vious
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Fig･7 Effe ct ofspe rmi dine o nFM 3 A(in E Sm ediu m ＋2% bovin e
se r um)c ellprolife r atio n with or witho uta mioguanidin e(A G).
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observ ations withspe mine, aldehyde dehydrogen aseprotectedthe toxIC lty
●
●
alm o stc ompletely, where a sc atalase c o uld offer only minim um pr otectio n
agai nst SPermidine o xidatio n-r elatedinhibition of c ellprolife ration; that
pa爪 of the tox I C lty that w as liable to hydroge n pe r o xide c ompo n ent
only(Fig･8); a nd toxicity re ve rsalby a co mbination ofboth catalase and
aldehydedehydroge n ase w asthebig血e st.
Poiya min es 細 血 po - Ⅹi 血tive a且dehydie pr o血 cts
tha息c a即 e且e a sea cro且ein s血o wtoxicityo nly
Bovin ese rum iskn o wnto o xidativelyde aminate the polya mines at
theirfree
, primary amin ote minals o nly(13);the po ssible to xic effe cts of
tw o a cetylated spe r midin ederiv atives w er eals o a ssessed(Fig･9)･ Nl- acetyl-
spermi dine, is acetylated atits Nl- end and the other a mino- end may be
acted upon by seru m amine oxidase
, but the aldehyde product will n ot
gene r ate a crolein ･ N8- a cety1spe rmidin ehas afr e e
,
no n- a c etylated amino-
end that a 触 being o xidiz ed, the r esulting aldebyde produ ct c a n r el a se
a crolein spo ntan eQu Sly･ As expected, only N
8
- ac etylsper midine at a
con centr ation of300pM , sho wed m ode rateinhibition on cellprolifer ation.
m at N8- a cetylspe midine sho uld be less toxic than spe midin eitselfm ay
be du eto a m orefa v orable entry ofthe a cetylatedspermi dineinto the c ell
whe r eitis notto xic anym or e･ putr escin ehas a high Km v alu e(2m M)for
bovine se r um amine oxidase(18)and also acr oleinis n otr elea sedfrom the
o xidized produ ct; this diamin e when w as added at e v en 3niM
con c entration
, didnotinhibitcellproliferation(Fig.9).
Tota且D N Asyn 伽 sisin F M 3 Acellsisgr e atlyinhibited
bye 如 a･c e丑且ula rpoiya血 n e o xidatio npr odu cts
DNA synthesisin F M 3A c ells
,in pa r allelto 也ei 血bito n o ncell
PrOlifer ation c a used by e xtr a- c ellular spe mine or spe midin e, w a sals o
Profo u ndly distu rbed and show ed a v e ry low le vel of D NA
synthesis(Fig･10)･ But the pre sence of aminoguanidin einhibited seru m
a 血 e oxidase and the addition of spe 血 n e or spe 血dine at s am e
29
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Fig･ S spe mi din einhibito n o nFM 3 A(in E S m edium ＋29To bo vin e
s e rum) c ellprolifer ation and its protectio r)by eithe r c atlase(Cat) or
aldebyde dehydroge n a s e(A LDH), or by a co mbin ation of both Cat and
AL D H.
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c o n c e ntrations bad no n egativ e e飴 ct on DNA synthesis and alm o st
equalledthe co ntrolcells･ Als o no differ e nc ein totalD NA synthesis of
c o ntr ol c ells a nd cells c ultu r ed with only amin oguanidin e had be e n
obs e r v ed.
Ac c um 岨蜘畳o m of畳- a ce且且u且a r poRya mim e sdo e s弧Ot
inhibitc e且且pT O旦最知 a鮎 n
Table･‡r epr ese nts theintrac ellularpolya mine profilein F M 3A c ells
c ultu r ed with to xic dos e s of the polyamin e s, spe rmin e(30pM) o r
spe mi din e(150pM); amin ogu anidin e, 1m M w as added to prev ent se ru m
a血ne o xidase if indic ated･ Cells w e r ebaⅣ ested a鮎r 24 hours and 48
hours
, when the totalpolya血 n es w e r e e xtractedin a cid-in soluble 丘･actio n
a ndthen was separ ateda ndqua nti 鮎dby cation e xchange =PL Cco nn e cted
to afluorom etric dete ctor that m easu red the nuor esc enc e ofthe ortho-
phthaldehyde derivativ e at a n ex citation w a v elength of 336n m a nd
emission w a vele ngthof 470nm .
Cells cultu red in the pre sen c eof30pM spermin e which c a used
● ●
s ev e r e cytotoxIClty, Sho w ed no acc um ulatio n of the added polyamin e;it
impliedthat the e xtra- cellular spermine w asbeingdegr aded by the active
s eru m amine oxida se;in fact the su rv1 V l ng Cells showed no diffe ren c ein
● ●
polyamine distri butio n than from the c ells in contr ol c ultu r es. But
inte restingly, ther e w asa m a rked accu mulation of added spermin e when
a血 nogu anidin e w as usedto 血ibitse mm a血 n eoxidas e;the spermin ethat
was added to the c ulture m edium was not degradedin the extr a- c ellula r
e n vir onm enta nde nter edandc u mulated ihsidethe cells andappearedn ot to
c au se anyn egativ eeffe cton the cells, a sprolife r ation contin u ednorhally.
Added spe r血dine accu m山ated inside the c ells, wbe也e rin the
pre s enc e or abs e nce of aminoguanidin e that w a sused to inbibit 血e
degradation ofspe midin e･ T山s effe ct mightha v ebee n c a used by a slow e r
extra- cellular o xidatio n ofspermi din e a ndalso a m or efa v orablepassage
･
of
spe mi dine ac r o ssthe c占11membra ne.
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F畳g｡ 且O DN Asynthe ses profilein F M 3 Ac ellsin the pr esen c e
of inhibitory c on c e nt･1
･
ation s of spe rmin e(Spm) o r spe rmi din e
(Spd), with o r without amin oguanidin e(A G)to inhibit bo vin e
serum a min e oxidase;the cells w er e c ultured asde sc ribed befo re
in E S m ediu m with 2 % bovine se r um ･ D N Asynthe sis was
m e a su r ed in terms of[
3H】thymidine in corporatio nin 2 ho u rs by
theF M 3 Ac ells, afterthe abo v etr e atm e nts.
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甘aわ且e 瓦｡ Polyamine c o nte nt in F M 3 Ac ells c ultu r ed with
e呆oge nous SPe rmin e o rspe r midin ein thepr ese n c eand absepce of
a min ogu a nidine
Cells w er e c ultu r ed in the pre sen ce or absen ce of polyamine s with a nd without
a min ogua nidin e(A G)I Valu eく are expre ssed as the m e a n ±S. D. oFthree s epa rate
dete rmin atio n s･ Co ntrolc uhure swe.l･e perfo r m ed inthe abs enc eofpolyamin e s o rA G･
Cultu r e s Tim e
Putre s cin e
Po且ya mine c ontent
Spermi dine
(day) (]u )10/mg prolein)
Sper 皿in e
Co ntr ol
A G lm M
Sp?rmin e3 0pM
Spermin e30トIM ＋
A G lm M
Spe rmidin e0.15mM
Spe rmidin e0.15 血M＋
AGlm M
3.91 ± 0.70
3.95 ± 0.48
2.15 ± 0.37
1.71 土 0.28
3.95 ± 0.33
5.16 ± 0.45
0.31 ± 0.1 2
0.23 ± 0.ll
2.90 ± 0.45
3.15 ± 0.43
i.37 ± 0.3 2
i.18 ± 0.28
12.8 ± 2.57
il.4 ± 1.64
12.9 ± 1.21
10.8 ± 1.19
10.6 ± 1.41
8.81 ± 0.89
3.59 ± 0.43
1
.69 ± 0.29
20.1 ± 2.78
21.0 ± 2.24
22.8 ± 3.30
23.7 ± 3.12
5.95 ± 0.66
6.77 ± 0.51
7.51 ± 0.83
6.46 ± 0.7 2
5
.92 ± 0.77
5.61 ± 0.65
19.6 ± 1.06
14.5 ± 1.26
6.84 ± 1.49
7.88 士 1.12
7.54 ± 1.48
8.42 ± 1.■75
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Fig. 且且 Effects ofspe rmine(S P M)o nL1210(in RP M I 1640mediu m＋10 %
bo vin ese rum)a nd NIH -3 T3(in D M E Mm ediu m＋10 % bovine se r um)c ell
pr olife r ation,in thepr ese n c e o rabse n c e ofamin ogu a nidine(AG).
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Although in the pr ese n ce of a min ogua nidin e, spe mi dine
ac c u m ulated alm ostin two folds but c ellprolifh
･
ation contin u ed a nd n o
appa r e ntcytotoxic effe ctw a s e n cou nte r ed.
T be other tw o c elllin es, L1210and N IH-3T3 sbowed similar
inhibition at a spe rmin eco n c e ntr atio n of 15ドM(Fig.且且), 1o w e rtha n that
w a s u s ed fわr FM3A cels; wbicb m ay be du eto a bigber seru m a血 ne
oxidas etitre pr e s e ntin lO % bovine se r um usedto support the cultur eof
the s e c els･ Spe min e to xic lty in thes e c els w a s als o prev ented by
amin oguanidin e
･
,
a nd sirri :ta rto the F M 3 Ac ells
,
aldehyde dehydr oge na se
w as v e ry s u c ces sful in pr e v entlng the inhibitory effects o n c ell
prolifer ation,butc atala s eca usedalmostno change･
T he po且ya min e sⅧbs息r a息es o君 bovine s e r u由 a min e
o x畳da se re且e ase a e r o且e豆n a氏e r星組 oxidatio n
T he o xidatio nrates ands ubseque nt a crolein form ation fro m s everal
polyamine c ompou nds w e r e co mpa r ed(Table.‡I); spe min e appe a r ed to
sho w the highest affin t)･
'
,
a nd both the oxidation r ates a nd acr olein
fo rm ation fro m it w a sthe m o st･ Spe mi dine wa s oxidized at a nearly
similar rate, but acr olein r elea s efro mit wa sless tha n 3 tim e sthat of
sper mine. Putr escine w a s not o xidiz ed asthe con c e ntr atio n u s ed in the
re a ction mijiture(O12m M) was lesstha nits K,n v alu efbr this en zym e. In
c orrelatio n with the cellprolifer atio n e xperim e nt with a cetyトspe rmidin e,
only ㌦ - a c etylspe rmidine w as mi 1dly oxidiz ed a nd als oa c rolein fo rmation
fr o mitcould bedete cted.
Acr o且einis high且y u n stable a nd r e a ctiv e;btRtSpe r min e
F e且e as es a c r olein gr a血 a且且y
By stoichiom etdc co nsider ations, theinhibition con c e ntr ation of
spe rmin e shouldbe twic eas low a s ac rolein; as fr om on e m olecule of
spe r min ethe r ele ase oftwo m olecules ofac roleinis pos sible･ Butin cell
c ultur e studie sin FM 3A
,
similar points ofpr olifer atio ninhibition w e r e
a chie vedby30pM and15uM ofspe min e a nd a c rolein r espe ctiv ely･
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Substr ate Relativ e r ate
Substr ate oxidatio n Ac r oleinfb m ation
Spe min e
Sper midine
Putrescin e
Ⅳノー Ac etylspermidin e
㌦ - Ac etylspe r midin e
1.00 1.00
0.9 8 0.32
0.01 <0.01
0.03 0.01
0.08 0.03
Tab且eI‡. T he r elativ e r ate s ofs ubstr ate o xidatio n a nd a c rolein
fo rm atio n by the amin e o xida s ein bo vin e s er u m; the r ate of
oxidatio n of spe rmin e and s ubs equ e nt a c r olein fo rm atio n w er e
take n asthe sta nda rdv alu e.
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Acrolein is know nto be v e ry u nstable a nd v olatile and it m ay Instantly
re a ct with v ario u sbiom olecules･ m e high reactive potential of this
c ompou nd w as de m o r).s
i
Lrated a nd is sho wn in Fig.且2. Ac r olein w a s
in c ubatedfo r90min utes,both in thepr esenc eand in the abse n c eof bovin e
seru m; e v e nin the abse nce ofseru m15 %of th is productdis ap pe ared in
th is shortperiod･ In the prese nce of 3 %s e rum alm o sthalfofthe ac rolein
w as lo stby this tim e and the loss co汀 elated with the con c e ntr ation of
ser nm that w as used. So whe na croleinis added dire ctlyto the c elsin the
c ultur e m ediu m that a r eincubated fo r follow - up of pr olife ratio n, ar e
insta ntly e xpo s edto the to xic con s equ e n c e sfr o mthe highcon c entratio nof
a cr olein ･ But when the c ells ar e expo sed to spe rmine oxidation deriv ed
ac rolein thatis r elea sed in sm alle rqua ntities but gr adu ally
'
,
they a r e not
insta ntly e xpo s edto thathighcon ce ntration ofa c rolein from thebegln n lng
ofin c ubatio n･ In Fig.13 dem o n stratio ns of the oc c urr e n ce ofpartiallo ss of
added a c rolein a nd thu sthe lo w er cytotoxic effects a r ede monstrated. The
to x I C ltyin F M 3A c ells fr o m15pM ofac rolein w as c onsiderably redu ced
whenitw as added 2ho u rspr e-incubationto the cultu r em edium ･
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Fig｡ 且2 Ac rolein stability a saffected bythe pr e se nc eof bovine se r um .
Ac rolein wa sin c ubated in O･03 Mpotas siu m pho sphate buffe r(pH 7), with
or witho utbovine s e rum (FC S, fetalcalf. seru m)at37
oC for90min ute s.
A fte r90 minute sthe r e m a l n l ng a CrOlein w as measu r ed a sdes cri bed in
Materi als and Methods.
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Fig･13 Dem o n str ation of the in stability of .ac r olein
(C H2=C H C H O)a nd itsdecre a sed inhibitory effect on F M3A c ell
pr oliferation, cau s ed bypr e-inc ubatio nfo r2 hou rsin the c ultu r e
m ediu m, befわr e adding the c ellsin E Sm ediu m with 2% bo vin?
Se r u m.
4 0
Dis c u ssion
Low c on c e ntr ations of extra- c ellular spe min e or sper midine can
ca u s etoxicityin the pr ese n c eofbovin ese r u m, thate xhibits high affinity
fo rthe polyc ationic, e ndoge n o us, aliphatic amin es･ T he s epolyamines a r e
o xidativ ely de aminated at their pn m ary amino termini and a n
inte r m ediately fo r m ed, u n stable, aldehyde pr odu ct ofthe polyamin es is
de血ved which is onlyis olable at very acidic solutions of NaBH｡(25)･ At
physiological pH, the s e polymin e
- aldehyde produ cts u nde rgo a
spo ntaneou s, n on - en zym･e, eli min ation re a ctio n and m ay r ele as e
a cr olein(28). Hydrogen pe roxide a nd a m m omia a r e also pr oduced from
e xtra- c ellularpolyamine o xidation r e actions(6)･ In anim als, a ny ofthes e
pr oducts ofe xtr a-cellularpolya mine oxidatio npo sse s e spotehtialtox I C lty
risk a nd altho ughvario u s sugge stio n scould be trac ed in thelite r atu rebut
n ot a single w a sfo u nd pl nnlng do w na pa rtic ula rpr odu ct or a n afte r
-
●
pr odu ct a nslng 丘
･
o m this o xidation pr o c e s sa s the pn n c lpal lethal
co mpo n ent血at w as m ainlyliabletothe obse r vedcytotox IC lty･
In th is studyit was attempted to identify the major toxic agentfro m
polyamine 拡idation by s e ru m amin e o xidase; spe rmin e w as foundto be
the m o st toxic substrate a nd 也einhibition c onc entr ations of 血e s ubstrates
血at we rete sted in cellcultu r ein 也e pr ese n c e ofser u m amin e oxidase
c orr elated withthe a m o u nt ofac r olein r elea s ed fro m e a ch ofthe s e amines.
Hydrogen pe roxideindu c ed 也e similarle v eiof inhibition at a ra血e rbigh
c o nc e ntration, that w a sn on -physiological a nd c a n not take place 血) m
e xtra- cellula r
w er e te sted
inhibitio n of
spo nt弧 eOuSly
oxidatio n of30トLM spefmin e･ The aldehyde pr6du cts that
also requir ed high c o n ce ntratio n sto produ c e
I
identical
c ellpr olifer ation a nd 3
- a minopr opanal, that o nlタ m ay
release acrolein , w a stoxic at a low c o n c e ntr ation ･ The
inbibitory con c e ntr atio n sof ac r olein, sper血 ne and 3
- a minopropanal we r e
v e ry clo se･ Spe min eor spe rmidine to xicity w e r epr e v e ntable by aldehyde
dehydrogen ase, but
l
v ery po orly by c atalas e; the s am e c onc entratio n of
c atala s eprev e ntedthe to xic outc o m eofa m u ch higher conce ntratio n of
4 1
hydrogen pero xide thatc an n otform from the o xidation of thepolyamine s,
atcon c entr ation sthatw e r e used inthisstudy･
Aminogua nidin e, a gu a nidin e co mpo und, that w a sused toinhibit
bovin eser um a mine o xida s e
, is als o a ninhibito = o nitric- o xide sy地 ase
thatshar e sa c o m m on s ubstr ate
,
し arglnine, with argln aSe, the en zym ethat
gl V eSris eto the putr escin epr e c u rsor a mino a cid, L- omithin e･ Nitric o xide
,
the product of nitric oxide synthase has be en reported to stim ulate
PrOliferatio n at lo w con ce ntratio ns, but inhibits proliferatio n at high
co n centr ation s(30); but in the c ellpr olife ration study, n either any
stim ulation nor anysignific antinhibition ofc ellprolifer ation w as se e n with
a minogua nidin e o nlycultu re s.
O bse rvatio nsfrom theseexpe rim e nts clarify the r ole ofa c rolein as
the pnnc lpalco mpo ne ntthatcau sesthe m a xim um ofdam ages en cou nter ed
●
withe xtra- cellula r･polyamin eo xidatio nin anim alc ells.
4 2
野a 野禽昔耳
The ぬ a丑戯 曲 g oE 訂a量sed p丑a s m aspe rm量n e丑e v eB a md ぬ妙a mine o x地 se a c仙 y 丑n 紳 s m aof 血 o mi = en a丑 臨 触 e
●
patie n息s a nd畳mp且ic a伽 n s oEa c ro丑eininv oBvem e n紬 u re mi
In c re a sed le vels ofpolyamines in plas m aha v ebe e nr epo比edin
s efe ralpathologic al c onditionsin hu m an s(29)and a co nnection betw ee n
their inc r ea sed pr esence in the pla s ma a nd r elated pathologyhas be en
pr opo sed in m a ny disea ses but a ny kno wledge about the possible related
me chanis m sar e still in adequ ate･ chronic r enal fai1ur e with u r emia is a
pathologicalco ndito nwithge n e ralm etabolic de ra ngem e ntcaus ed byre naldysfun ction ofdifferentetiologleS ando ne ofthe cha r acteristicbiochemical
●
Elndingsisthe a c c um ulatio n ofv ariou s e nd pr oducts of metabolis min the
blo od･ Pr e vio u sw orksha ve repomed of in cr e a sed lev els ofthepolyamin e s
in the blood of chro nic r enalfailur e patients(14, 15, 17, 26) and the
po ssibiltyofpolyamines as a n uremic t mi candidateha sbe en r aised;but
也e 托1ated m e cb弧is mis n ote xplor edadequ atelyyet･
A 触 re alizing血eide ntity ofa cr olein a §血e m 岬 tO Xic co mpone ntfrom e xtr a- cellularpolyamine o xidation in a cellc ultu r esystem , a str ong● ●
s uspICIO n Ofthe pre s e n c eof a pla s ma amin e o xida sethat acted o nthe
polyamines a nd relea sed ac r olein into the system w as made. And the
u r e mic toxin role thatis ac c r editedto the polyamin es m ay a ctualybe du e
tothebigbr eactiv en ature ofa crolein only･
Blood plasm a ofchronic renalfailur epatients w e r escree n ed for
polyaminelevelsthatdeflmitely showed a highe rspe min ele v elin al1the
patients; a nd the pla s m ae xpress ed a slgniflCantly ele vated amine o xida se
activity against spemin e･ m e combin atio n ofthesetw o abno rm alplas ma
profilesin the chronic r enal failu repatie ntsha sdiagn ostic s lgniflC a n C eand
als o the pos sibilties
･
of futur e drug de v elopm ent and of de v elopingimprovedhem odialysistech miqu esfor chromic r e n alfailu r e
, thata組icts so
many pe ople ea chyear w orldwide.
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朋盈忠e訂畳盈且s 組n戚 Me息ぬo戚s
B且o od c o且且ectio n a ndp且as m a sepa T aもio m
Blo od w as c oue cted from chr onic ren al failu repatie nts ofvariable
etiologya nd di 触e ntstages a鮎r obtain l ngtheir viable co n s e nt;alsoblo od
fr o mhealthy v oluntee r sw a s collected with verbalcon s ent which w astobe
u s ed as the standardfわr norm al valu e･ T he blo od s amples w er e c ollected
as eptical1y ln tubes containing lmg/mL E D TA ･2Na salt and wa skept at
●
r oo mtempe raturefor a nhourfo rthe cellsto s ettlebelo w･ m e plas mafr om
the top w a scarefullytra n sferredto new tubes to avoid co ntamination by
erythro cyte s and then w ere c entri fugatedat1300Xgfor30 minutes at4
o
C･ T he super n ata ntplas m aw as us ed for both polyaminele v eland amine
o xida sea ctivitya s s ays･
Sepa 柑 鮎 n of po且ya min es 孟n p丑a sm a fr o m c o- min ati喝
pT O息e孟n s,pep息畳des o r a mino a cids
ln Fig･且4 the stepsinprocesslng Of bloodpla s mato separ ate outthe
●
c o ntamin a nts that m ay lnterferewith H PL C detectio n ar e sho w n andin
●
Fig･15 an H P L Cpatte m of the plas m apolyamines befor e and after
●
Pr oc es si ng a r e sho wn als o･ The pr otein co ntent of plasm a was
ho m ogemized in ice- cold 5 %Trichlor oac edc a cid fo r30 minutes a nd
pre cipitated by centrifugation at 15000X g for15 min utes. T hen the
supern atant containing the polya血 nes w as collected a nd 也e pH was
adju sted to 4 by the addito n of6 N K O Hand applied to a P- cellul.se
coluI - and the amino acids w er e rpm6v ed by elution with O12M Borate
(pH 8) and O･8 M NaCl･ The polyamin es in the extra ct w ere
′
applied to
c atio n e x cha nge H P L C(TSK-gel c olu Ⅱ恥 To s oh)I The polyami皿e S
t
W ere
eluted by O･35 MCitrate(pH 5.35), 2 M NaCland 20 %Metha n ol and 也e
o rtho-phthalaldehyde deriv ativ es w er edete cted by nuo ro m etry at an
e x citatio n w a v elength of 336nm and a nemission w avele ng也 of 470n m.
T hepolyamin e valu e心as expre ss edinpm oumL ofpla s m a.
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Me a s 視野em e 弧敏o雷po且y汲 m畳弧e S畳弧 S e 『硯 m
Blo odPlas m a
Pelletdisc arded
土
5% TCA
Onic e
,
> 30mill
,
150 0X g,15min c e ntri fugatio n
Super.n atant
5%T C A
15000× g,15 min c e ntrifugation
pH adju s
y
ied at4 by
(by6N KPH addito n)
1i
i
P- c e ulo s e
Re mo valof amin o a cid
Elutio n :0
･2 M Bo r ate(pH 8.0),0.8 M NaC l
Polyamihe e xtr act
去
Poly amin e sfordeter min ationbyH P LC
Catio n e x cha nge TS K-gelc olu m Tl(To s oh)
EItltio n :0･35 M Citriate(pH5.35),2 M NaCl,20 %m etha n oI
Dete ctio n : o-phtha]aldehyde
Fig｡ 且4 m e stepsin prepar ation ofpla s m afro甲 Chr o nic renal failu re
patie nts a nd n o r mal co ntrol subjects, before e stim atio n of the plas m a
polya min e valu esbya cation e x cha nge H P L C･
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patient plas m a
榔;篭慧patte 讃 e｡p.1ya 蓋 plasm a
of chronic r enal failu re patients, befo re a nd after r em oyal of the
co ntamina nts as de scri bed in {lg･14･ A･ The putr escin e, spe midine and
spe min epeaks ofa standardpolya mine s olution a re sho wn. A. T he crude
Pla s m abefor e re mov al of the c onta min a nts w a? i njected directly. a.
● ●
Dis血 ctpolyamin epe aksfrom a s ample ofpatientpla s m after rem ovalof
血e c ontamin a nts aresee n.
Mea s u re me ntofp丑as m a a m畳n e o x畳das e a c伽 軸
An il - itr o reactio npro c e ss w a sutilized to a ss e s sthe amin e o xida se
activityin pla s ma･ Plas m a(0･13mL)from ea chchr onic r e nal failu r epatie nt
orno rmalco ntrolw a sdir ectly us eda sthepo sible source ofamine o xidas e
in ar ea ction mitu r e(totalvolum el･5 mi･)to whichspermin e(0.2 m M)w as
added in a 10m M TrisIHCl buffer
, pH 7･5 a nd in cubated at37
o
C fo r48
hou r s･ To O･02mL ofreaction mitur e aliquots, befor estarting In c ubation
(z er oho ur s amples)and afte r48 ho u rs of inc ubation at37
o
C
,
0･5? 血
ice- c old5% tdchloroa c etic acidwer e added and vlgOr O uSly 血 Ⅹed to
te minatethe re actio n a nd was kepto nic efor 30min utes to ho moge niz e
theprotein po rtio n sthat were pre cIPltated by c e ntri fugatio n at1500X g
● ●
forIO min utes･ T he supern ata ntportio n w asus edto m easu r eby H PL C(as
de scdbed fわr plasm a polyamin e estim atio n), 血e levels ofspe mine that
w a sn otdegradeda ndre mail
.
l ed at the end ofthe rea ctio n and the spermine
46
degradatio nrate by ea chpla sm a s ample o v er48 hou rs we re calc ulated and
expre s sedin nm oumLpla sm aasthe amin e o xida s e a ctivityle v el.
監恥 cts o君o 伽 T pOS S抽丑e u Te mic c a n- ☆e s;畳mdo xy且s軸haie,
m eぬyRgu a n鼻血 e 盈nd u 訂e a On C e且且pr o丑肋 raiio m
Out of the n um e r o us c o mpo unds that ha v ebe e n me ntio n ed as
po ssible u r emic toxin ca ndidates(14), thre e Other promiently mentio ned
co mpou nds w e re tested fortheirinhibito ry effe ct o n cellproli6er atio nin
FM 3 Ac ells in a si mi lar fashio n a sis de s cri bed in Pa rtI. Ur e a a nd
m ethylgu a nidin e.HCIwer e obtained from Na calai Tesque a nd indo xyl
sulphate w as obtainedfrom Sigm aC hemicals.
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鼠es覗且息s
P丑a s m a spe T m孟m eRe v e且s w e T eぬig払 i皿 eぬr o m畳c re ma且
払姐u 訂epa鮎 nts
ln Table･‡Ⅲ 也eplas m apolyaminele v els e stim atedin chronic r enal
failure patie ntsis sho w n;the polyamin es fro mplas ma w e r e xtracted by
rem ovalofcontamin a nts as de s cri bedin Materi als a nd methods. The H PLC
qu a ntified polyamin e v alu e sin the non - dialyz ed m ode r ate group patie nts
withs er um cre atininelev els upto8mg/dLwe r eall(putre scine, spe r血din e
and sper min e)foundto be higherthan the a ver age n orm al valu es. Butin
the regularly dialyz ed s ev ere group patients with basalseru甲 C r e atinine
value sabov e8mg/d L, o nlysper血 nelev els w e refわu ndbigbertha nav e rage
nor malv alues.
A ぬigh a mine o x畳ぬse a ctivity 地a息degr ades spe r min e
●
且Spr eSe m息畳m .p且a s m ao官chr o nic T e n a且fa姐u repatie nts
m e pla sma amin e o xida se activity that degr aded spe rmine w as
higherin bothgr o ups ofchro nic re nal failu r epatients;butw a slgnifica ntly
high in 血e s e ve r egro叩 patients a nd the a ctivity le v els a r eshow n中
Table･‡Ⅴ･ A v erylo w ba s al activityle v elw as also detected in the c o ntrol
gro up;but the lo s s ofadded spe rmin ein blank s olutions(no n-plas ma)at
37
o
C ove r48 hou r s wa s v erylittle andin slgnificant･
●
‡ndo xy且 s u且phate, m ethy蜘 a nidin e o r u r e a ws o nly
血且diy inhibito Ty 息o c ell pr olife r aiio n at v e ry high
e o m ce ntr atio n s
ln Fig･16the effe cts of indoxylsulphate, m ethylguanidin e a nd u r ea
o n c ellproliferatio n a re show n･ T hese co mpo u nds a sthe m etabolic e nd
pr oducts, als obuildup in the blood in nephr oge nic u re mia and are
con sidered asc andidate s ofuremic to xin;but whether these compo unds
m ay directly c au se a nyda mage or not,is notyetknow n cle a rly･ Each of
48
theseco mpounds w as o nly slightlyinhibitory on the c ellularproliferation
ofthe F M3 Ac ell lin e
,
e v en when w e r eadded atve ryhigh conce ntr atio n s,
which byits elfm ayc a u s eos motic o rothe r cha nge sin the c ultur e m ediu m.
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Tab且e互長文
Poiya mim e c omte mt畳n p且a s m aofn orm a且c o軸 o畳s ubje 軸 a nd
pa 鮎 nts oEcぬro n孟c r ena且fa孟且馳re
No. Dis e a s e
Co ntro且s ubje cts
l.
2.
3.
4.
5.
M e an valu e
M oder atepalie nt$
7.(C G N)
8.(NS C)
9.(C O N)
10.(N SC)
ll.(C GN)
12.(CG N)
Me a n v alu e
Se ve repatients
13.(CG N)
14.(C G N)
15.(NSC)
16.(CG N)
17.(N S C)
18.(C G N)
Me a 皿 V alu e
*
Age Se 又 S- ere
ye ars
24
23
36
48
29
3 2
M
F
M
M
M
63 F
58 M
31 M
72 M
4 6 M
48 M
5;3
4
0
7
2
5
7
6
8
56
70
66
F
M
M
F
F
F
(mg/d L)
0.81
0.62
0.79
0.75
0.82
0.76
5
.80
3.20
2.36
3.64
2.30
2.26
3.26
10.7
ll.0
10.3
8.40
9.16
10.9
10.1
vs･ No r m alp<0･0 5;
a
vs･ N o r m alp< 0･10.
C O nte nt
Putr e s cin e
56.6
64.4
24.7
66.6
60.3
54.5 ±17.1
19.9
1 86
238
349
127
171
1$2 ±ilo*
32.6
22.2
.3 8.2
41.9
17.9
38.5
3 1.9 ±9.73辛
Spe rmi din e
142
102
124
104
115
117 ±16.4
3 07
128
19
230
113
13 1
1S5±75 Aa
52.2
97.8
10 6
135
67.9
65.0
87.3 _＋ 31.1a
Sper min 合
19.9
65.7
20.0
48.5
29.3
36.7 ±20.
78.5
42.6
59.7
215
41.9
53.7
$1.9 士66.6
33.0
39.1
29.7
78.1
104
37.1
53.5 ±30.4
CG N･Chro nicglo m e ru1o n eph rits;N S C, Nephr o s cle ro sis;S-er e, Ser um c r e atimin e.
cr e atinin ein s e ru m w as determin edbysta ndard m ethods of blo od chemistry, CR T Na s-PO D
m ethod.
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A血 血e O X孟血s e ac釦 軸 oEp且a s m a畳m m o T ma且c o軸 o且s 岨bje c
.
ts
弧 dpa鮎 皿臨 oEcぬ訂0 血豆c re 皿a且ぬ鼻息岨訂e
No. Dis e as e
Co ntr o且s ubje ces
l.
2.
3.
4.
5.
6.
7.
8.
Me an valu e
Mode ra色e p&iie血tS
9..(DN)
10.(D N)
ll.(C O N)
12.(C G N)
13.(N S C)
14.(C G N)
15.(D N)
16.(D N)
Me a n v alu e
Se v e repa鮎 nts
17.(C GN)
18.(DN)
19.(C G N)
20.(N SC)
21.(DN)
22.(MN)
23.(A RT)
24.(ⅠgA)
Me a n valu e
Age
e a ∫S
27
22
23
27
36
28
25
22
26
69
59
77
68
81
24
65
44
61
70
65
54
67
72
31
73
5 2
Sex
M
M
M
M
F
M
ド
F
S- Cr e sper mim edegradatio n
l n dl
0.86
0.78
0.83
0.80
flm Ol/mL lasm a
1.27
6.63
0.5 2
3.9 5
0.64 2.9i
0.76 2.24
0.58 7.96
0.53 o.12
0.72 3.20 ±2.84
F
M
F
M
”
M
”
F
6.70 20.2
4.90 6.73
7.90 17.5
3.73 15.7
6.5 1 14.4
3.41 22.3
6,30 13.5
6.90 5.72
6.53 且4.5±5.88 ** *
”
M
F
M
F
M
M
M
10.9 27.0
12.2 17.2
9.42 3 1.0
10.3 32.8
9.16 47.0
10.8
'
48.5
10.9 23.3
10.2 23.9.
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* * *v s･ No r mal
.
p< 0･001.
c rc atinin e. Cr e atinin e
CR TNas-POD m elhod.
タ.82 31.3 _＋ ll.2 * * *
c GN
･ C hr o nic glo m emio n ep･hritis;N SC･ Nephro s cler o si;DN･ Diabedc n ephr opathy;MN,M align a nt n ephro s cle r o si;A R T, Ac ute r e nalfhilure;IBA,IβA n ephr opathy;S-er e, Seru m_ _ _ .._._▲ T_ー† J ■ ･● . ● ● ids eru m w a sd¢lermin ed by sta ndard
.
m ethodfo rblo od chemistry,
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Fig･16 Effe cts ofu r e a, l n ethylgu a nidin e a ndindoxyls ulphate o nF M3 A
c ellpr olifer ation;c ells w e rec ultu redin E Sm edium with 2 % bovin e serum
asdescribedin the Materi als and m ethods s e ctio n of Pa rt∫.
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Tbe v ario us end produ cts of m etabolis m that a c c umulate in the
blo od pla sma in ur e mia are n ot re m oved e venly by the curr e ntdialytic
m e血ods;spe cially ぬe protein bou nd m ole c ule ste ndtobele氏behind(14).
The polya血nes that ha v ebeen a sc ribed as apote ntial candidate fわr the
m a nypo ssible uremictoxins, c anbindto protein sandbeleftbehind in the
pla sm a after dialysis; alsoin c r e ased polya min elev elsin the blo od, m ay
enhan c ethe a ctivities of an amine o又ida se(that w as fo und to degrade
spermin e) and c a u s eits ow ndegr adatio n. Polyamin es, when they a r efr e
o rmoモprotein bollnd, m aybe c onsidered a sthe midle mole c ule sofu r emic
to xin and a r ethe n fairly rem ov ed by he modialysis; s othe f
'
ate ofthe
polyamin es aga i nst be m odialysis depends on whetherthey ar e pr otein
bo u nd or n ot at thetim eof dialysis. T he polyamin esin plasm? m ay alsobe
degr aded by ぬe pla s m∂･ a min e oxidase that w as de mo n strated to be
●
slgni丘ca ntly .bigb in the se v e r egroup ofchronic r en al 払ilu r epatientsin
this study. In spite Ofthe ap par e ntirr egula ritie s or co ntrary effe cts of
●
polyamin e sin the plas ma, signific a ntly high lev els of putres cine,
spermidine and spe rmin e were de m o n strated i凪 血e n o n-dialyz ed m ode rate
group ofpatie nts a nd inthe regula巾 dialyz edse veregroup patie nts ahigh
sper mim elev elw asfわu nd. An enzym e a ctivitythatdegr adedsper mine w as
fou nd signific a ntlyhighin the s e v e r egro up a nd it w a s also higherin the
m ode r ategrouptha n w asfot且nd in no r malc o ntrols ubjects.
O bserv ations fr o mthe cellchltu reexperim ents dem o nstrated that
血e polya min es, specially, spe rmineis degraded by serum amine oxidase
and a cr olein is rele ased. Patients of chr onic r e nal failureleadingto End-
stage r e n al dise a s e(E S R D) te nd to gradualy deterio rate despite the
e mploym e ntof alla vailabletr e atm e nt m ea sures,in cludingcu rent m ethods
ofhe modialysIS. And 也e possibility of in volv em e Ilt Of o n e血10r e Ofthe
ure mic toxin s e xists. Not allofthe m any u re mic to xins that ha v ebee n
m e ntion ed m ay be a ctiv ely toxic; ac c um ulation of s om e of thes e
53
compou nds m aybe mer ely a passive proc ess･ The m e chanis m ofto x IClty
● ●
pr odu cedfro m non e ofthese c o mpou ndsis settled or cla rified. T his study
stro ngly suggests the in volv e m e nt of ac rolein, ams lng fro m polyamin e
■ ●
o xidatio n o ccu re n c ein plasm ato be an a ctiv ebut pr e v entable uremic
to xin.
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